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(54) Method for controlling a breathing apparatus and a breathing apparatus 



(57) A method for controlling a breathing apparatus 
is described. In the method, momentary compliance 
(38. 44, 46) is calculated during an inspiration (40A, 
40B). The calculated momentary compliance (38, 44, 
46) is then compared to a threshold value (42). If 
momentary compliance (38) is less than the threshold 
value (42) during a first interval (40A), positive end 
expiratory pressure (PEEP) is reduced for subsequent 
breathing cycles so momentary compliance is greater 
than the threshold value (42) during the first interval 
(40 A), if momentary compliance (44) is less than the 
threshold value (42) during a second interval (40B), the 
ratio between inspiration time and expiration time, as 
well as the breathing rate, is changed so momentary 
compliance is greater than the threshold value (42) dur- 
ing the second interval (40B), at the same time as a pre- 
defined minute volume is generated. 
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Description 

The present invention relates to a method for con- 
trolling a breathing apparatus according to the preamble 
to claim 1. 

Breathing apparatuses supplying a breathing gas to 
a respiratory system (in humans or animals) and carry- 
ing expired breathing gas out of the respiratory system 
must be controlled in some way in order to avoid risks of 
damage to the respiratory system. In particular, the sup- 
ply operation must be appropriately controlled. Prevent- 
ing an excessive rise in pressure is essential, since 
excessive pressure could cause barotrauma. In the cor- 
responding manner, supplying large volumes of gas to 
the respiratory system could cause vdutrauma. 

This is particularly the case in the ventilation of 
patients with diseased or damaged lungs. Ventilators 
connected to the patient's lungs are generally equipped 
with, or connected to, flow and pressure meters. Pres- 
sure and volume in the lungs can thus be monitored 
with the aid of pressure and flow measurements. 

One problem in monitoring a patient with respect to 
pressure and volume is that damage-causing levels of 
pressure and volume can vary from patient to patient. In 
some patients, damaging pressure builds up in certain 
parts of the lung, whereas pressure remains on a harm- 
less level in other parts of the lung. 

At the same time, pressure must not be allowed to 
drop too much in certain patients, since their lungs 
might then collapse, making it necessary to supply an 
extra large amount of breathing gas to re-open the 
lungs. Lung collapse can also be partial, i.e. only parts 
of the lungs collapse. Positive end expiratory pressure 
(PEEP), a greater than atmospheric pressure produced 
at the end of expiration, is used for keeping the lung 
open until the following inspiration commences. 

In addition, the patient must also be supplied with a 
sufficient amount of breathing gas. Breathing gas sup- 
plied can be designated in terms of the minute volume 
supplied. 

One object of the invention is to achieve a method 
for controlling breathing apparatuses which solves the 
afore-mentioned problem. 

Another object of the invention is to achieve a 
breathing apparatus which permits safe and reliable 
delivery of breathing gas to a respiratory system. 

The first object is achieved in accordance with the 
invention in that the method for controlling the breathing 
apparatus is devised as set forth in the characterizing 
part of claim 1. 

Compliance designates the elasticity of the respira- 
tory system. It is determined as the ratio between vol- 
ume and pressure in the respiratory system. A healthy 
lung has high compliance and can therefore accommo- 
date relatively large changes in volume without major 
changes in pressure. Pressure rises rapidly, when there 
is a small increase in volume, only when the lung's 
physical volume limitations are approached. In other 
words, compliance drops rapidly when the healthy lung 
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nears its maximum volume. 

The situation is rather different for a damaged or 
diseased lung. At the start of inspiration with a cot- 
lapsed lung, pressure rises rapidly with small changes 

s in volume. So compliance is initially very poor. When the 
lung then opens, compliance is more like the compli- 
ance of the healthy lung but is usually much poorer. If 
the lung is also inherently stiff (atelectatic), the upper 
limit for volume capacity is reached more quickly, i.e. the 

io stiffness of the lung, rather than the thorax, governs 
when the lung is full, and compliance drops rapidly. In 
other words, the damaged or diseased lung has a much 
smaller effective ventilation range than a healthy lung. 
Momentary compliance (the ratio between the 

is derivative of volume and the derivative of pressure in 
the respiratory system) is therefore an excellent control 
parameter. When an appropriate threshold value is 
determined for each patient, parameters such as the 
level of pressure, PEEP, inspiration time, expiration 

20 time, respiratory rate etc. can be automatically control- 
led by the breathing apparatus. 

Advantageous embodiments of the method win be 
apparent from the dependent claims. 

A breathing apparatus is achieved in accordance 

25 with the invention with an apparatus devised according 
to claim 7. Advantageous embodiments are set forth in 
the dependent claims to claim 7. 

One embodiment of the invention will be described 
below, referring to the figures in which 

30 

FIG. 1 shows an embodiment of the breathing 
apparatus according to the invention; 
FIG. 2 shows a respiratory curve and 
FIG. 3 shows several compliance curves during 
35 inspiration. 

In FIG. 1 , a breathing apparatus 2 is connected to a 
patient 4 to supply same with breathing gas and remove 
expired breathing gas. 

40 The breathing apparatus 2 can accommodate one 
or a plurality of gases, via three gas connectors 6A, 6B, 
6C. which are then mixed into a breathing gas in a mix- 
ing chamber 8. Regulation of breathing gas supplied to 
the patient 4 is performed via an inspiratory valve 10 

46 which is regulated by a control device 12. Alternately, 
the respective gas can be regulated at the gas connec- 
tors 6A. 6B, 6C. i.e. before the breathing gas is mixed in 
the mixing chamber 8. 

Breathing gas is carried from the breathing appara- 

50 tus 2 to the patient 4 in an inspiratory line 1 4 and a con- 
nector line 16. The connector line 16 can comprise a 
breathing mask or a Y-piece with a tracheal tube or 
some other known connector means. Expired breathing 
gas is earned from the patient 4 back to the breathing 

55 apparatus 2 through the connector line 1 6 and an expir- 
atory line 18. An expiratory valve 20 is arranged in the 
expiratory line 18. The expiratory valve 20 is regulated 
by the control device 12. With it a positive end expiratory 
pressure (PEEP) can be maintained at the end of expi- 
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ration to e.g. prevent collapse of the patient's 4 lung. 
Expired breathing gas can be discharged into ambient 
air through an evacuation unit 22 or collected from the 
evacuation unit 22 for analysis, filtering or similar. 

A pressure meter 24 and a flow meter 26 are 
arranged in the breathing apparatus 2 to measure the 
pressure and flow of the breathing gas. The measure- 
ment signals can be used for regulating the inspiratory 
valve 10 so the correct pressure and/or flow are/is sup- 
plied to the patient 4. With the aid of measurement sig- 
nals, pressure and flow in or near the patient's 4 lungs 
and airways can be calculated. Volume can be deter- 
mined from flow. Momentary compliance can be deter- 
mined when pressure and flow are known, as is 
described in greater detail in comments on FIG. 2. It 
should be noted that pressure and flow meters can also 
be arranged near the patient 4, as illustrated with the 
meters 28, 30 in FIG. 1 . More accurate values for the 
actual conditions in or near the patient 4 are accordingly 
obtained. The pressure meter can also be situated in 
the patient's 4 respiratory system, e.g. near carina. 

The pressure-volume diagram in FIG. 2 shows an 
inspiratory and expiratory curve for a diseased or dam- 
aged lung. The diagram shows an inspiratory curve 32 
and an expiratory curve 34. "Pressure" refers to abso- 
lute pressure in the lung, and Volume" refers to the sup- 
plied (inspired) volume. As the inspiratory curve 32 
shows, pressure initially (area 36A) rises more rapidly 
than volume. This may be because the lung has col- 
lapsed in whole or part and a large positive pressure is 
needed to open the lung to permit the influx of breathing 
gas. So compliance in area 36A is accordingly poor. 

When the lung has opened (area 36B), breathing 
gas can flow in more easily, so pressure does not 
increase as rapidly. This area displays the lung's maxi- 
mum compliance. The lung ultimately expands as much 
as it can and is accordingly full. Breathing gas is unable 
to flow in as easily (area 36 C), and every increase in 
volume causes a sharp rise in pressure. So compliance 
is again poor in the area 36C. 

During expiration (curve 34). pressure and volume 
drop back to their initial values. Since expiration is pas- 
sive, and the expiratory valve 20 in the breathing appa- 
ratus 2 regulates flow and pressure in expiration, the 
expiratory curve 34 is therefore of less interest than the 
inspiratory curve 32. 

If momentary compliance is determined, the 
breathing apparatus can be controlled so ventilation 
only takes place in area 36B in which the lung displays 
maximum compliance. Here, momentary compliance 
can be determined in a plurality of ways. Volume and 
pressure can be established and the ratio of the respec- 
tive derivatives can be calculated. Alternately, the 
momentary flow value can be divided by the derivative 
of momentary pressure Derivatives can be determined 
in the known manner. 

FIG. 3 shows three of the situations, which can 
occur during an inspiration, in order to illustrate the 
invention. The diagram shows compliance on one axis 



and time on the other. A first compliance curve 38 
shows that compliance in a first interval 40A rises 
sharply and passes a first threshold value 42. Compli- 
ance then remains constant for the rest of inspiration, a 

5 second interval 40B. The rapidly rising compliance dur- 
ing the first interval 40A indicates that at least some of 
the lung opens up at the start of inspiration. This 
imposes a needless pressure load on the lungs, so the 
PEEP value set is automatically switched to a higher 

10 value. The increase can be performed in specific steps 
until the all of the first compliance curve 38 is above the 
first threshold value throughout inspiration. Alternately, 
a new PEEP can be calculated from measured pressure 
immediately after compliance exceeds the first thresh- 
es old value 42. 

A second compliance curve 44 is initially constant, 
but compliance drops below the first threshold value 42 
at the end of the second interval 40B. This means that 
inspiration occurred in the third area 36C in FIG. 2. So 

20 excessively high pressure could develop in the lungs. 
The duration of inspiration is therefore shortened some- 
what in order to reduce the risk of harmful excess pres- 
sure A simultaneous change in rate may be necessary 
to ensure that a sufficient minute volume of breathing 

25 gas is supplied to the patient. As an additional safety 
precaution for some patients, it may be necessary to 
terminate inspiration as soon as compliance drops 
below the first threshold value 42. Momentary compli- 
ance can also be utilized for determining appropriate 

30 reference pressures in pressure-controlled modes, such 
asPCandPRVC. 

The third situation is illustrated by the third compli- 
ance curve 46 which is on a constantly high level 
throughout inspiration. It is even higher than a second 

35 threshold value 48. This could mean that the patient's 
condition has improved and that the first threshold value 
is no longer relevant The breathing apparatus can then 
automatically switch to the use of the second threshold 
value in the manner described above. Thus, ventilation 

40 can be continuously adapted to the patient's condition. 
If her/his condition worsens, however, a physician 
should decide on the course of future treatment. 

The high compliance of the third compliance curve 
46 also suggests that only part of the maximum area 

45 36B is being utilized in ventilation. PEEP can therefore 
be successively reduced, in order to reduce peak inspir- 
atory pressure (PIP). At the same time, minute volume 
can be increased by prolongation of inspiration time. If 
the minute volume is the target volume, the breathing 

so rate can be reduced at the same time. 

Momentary compliance needs not be calculated 
continuously. From the compliance curves shown, it is 
apparent that the beginning and end of the inspiration 
are of greatest interest. It would therefore be sufficient 

55 for the operation of the method according to the inven- 
tion to study these parts only. 

The invention has been described above in con- 
junction with a ventilator. But the same method can be 
implemented in e.g. anesthetic equipment and other 
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breathing apparatuses. It is also important to avoid the 
build-up of excessive pressure in healthy lungs, e.g. 
because more breathing gas is supplied in inspiration 
than is removed in expiration. Analysis of momentary 
compliance supplies an additional control parameter for 
the patients safety. 

Claims 

1. A method for controlling a breathing apparatus, a 
ventilator or anesthetic apparatus in particular, by 
which method the breathing apparatus is controlled 
so a breathing gas is delivered to and removed from 
a respiratory system at the same time as the pres- 
sure and flow of the breathing gas is measured, at 
least when the breathing gas is delivered, charac- 
terized in that the respiraroty system's momentary 
compliance is calculated from pressure and flow 
measured at selected points in an inspiratory phase 
and compared to a pre-defined threshold value, 
whereupon one or more of the parameters pressure 
level, PEEP, the ratio between inspiration time and 
expiration time and breathing rate is changed if cal- 
culated momentary compliance is less than the pre- 
defined threshold value. 

2. A method according to claim 1 , characterized in 
that momentary compliance is calculated virtually 
continuously throughout the entire inspiratory 
phase. 

3. A method according to claim 1 or 2, characterized 
in that momentary compliance is calculated as the 
ratio between momentarily measured flow and the 
derivative of measured pressure. 



to the respiratory system is simultaneously main- 
tained. 

7. A breathing apparatus (2). a ventilator or anesthetic 
5 apparatus in particular, comprising a gas unit (10) 
for generating a breathing gas pulse which Is deliv- 
ered to a respiratory system (4) during an inspira- 
tory phase, a pressure meter (24, 28) to measure 
the pressure of supplied gas, a flow meter (26, 30) 
10 for measuring the flow of supplied gas and a control 
unit (12} for controlling the gas unit, characterized 
In that the control unit (12) is devised to carry out 
the method according to claims 1-5. 

is 8. A breathing apparatus according to claim 7, char- 
acterized in that the pressure meter (28) is 
arranged in or near the respiratory system (4) to 
measure the pressure in same, and a flow meter 
(30) is arranged close to the respiratory system (4) 

20 to measure the flow of breathing gas to same. 

9. A breathing apparatus according to claim 7, char- 
acterized in that the pressure meter (24) and flow 
meter (26) are arranged in the breathing apparatus 
25 (2), and the pressure of the breathing gas in and 
flow of breathing gas to the respiratory system (4) 
are calculated in the control unit (12) in the breath- 
ing apparatus (2). 

30 
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4. A method according to any of the above claims, 
characterized In that PEEP is increased for the 
next inspiratory phase if calculated momentary 
compliance is less than the pre-defined threshold 40 
value during a first pre-defined part of the inspira- 
tory phase. 



5. A method according to claim 4, characterized in 
that PEEP is reduced for the next inspiratory phase 45 
it calculated momentary compliance exceeds a 
second pre-defined threshold value during the first 
pre-defined part of the inspiratory phase. 



6. A method according to any of the above claims, so 
characterized In that the ratio between inspiration 
time and expiration time and/or breathing rate is 
changed if calculated momentary compliance falls 
below the pre-defined threshold value after a sec- 
ond part of the inspiratory phase expires, so ss 
momentary compliance for the next expiratory 
phase exceeds the pre-defined threshold value dur- 
ing the corresponding part of the inspiratory phase, 
while a pre-defined minute volume of breathing gas 
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